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SUPERSONIC AERODYNAMIC CHARACTERISTICS AND SHOCK 

STANDOFF DISTANCES FOR LARGE-ANGLE CONES WITH 

AND WITHOUT CYLINDRICAL AFTERBODIES 

By James  F. Campbell 
Langley Research Center 

SUMMARY 

An investigation has  been conducted t o  determine the longitudinal aerodynamic char
acter is t ics  and shock standoff distances of large-angle cones with and without cylindrical 
afterbody sections. Cone semiapex angles ranged from 40' to 90° (disk) and cylindrical 
afterbody sections ranged in length up to 1.25 t imes the cone diameter.  The tes t s  were 
performed at Mach numbers from 1.41 to 4.63, a t  angles of attack from -4' to 24O, and a t  
a Reynolds number based on model (base) diameter of 0.8 X lo6. 

Results of this  study indicated that all the cone configurations were statically stable 
with the moment center located at the cone base. Addition of cylindrical afterbody sec
tions resulted in increases  in stability throughout the Mach number range. Axial force 
increased as cone semiapex angle was increased, a maximum being approached for the 
flat disk. Throughout the angle-of-attack range, addition of cylindrical afterbody sections 
resulted in reductions in axial force that were not more  than 4 percent for all combinations 
of cone semiapex angles and cylinder lengths and were l e s s  than 3 percent for most com
binations. Normal force and lift decreased as cone semiapex angle was increased, mini
mum values being obtained f o r  the flat disk; an increase in these forces  resulted when 
cylindrical afterbody sections were added. Shock standoff distance for any body with a 
detached shock wave appeared to  be uniquely dependent on the inverse square of the den
sity ra t io  ac ross  a normal shock. This dependence allowed shock standoff distance for 
the conical bodies to be adequately predicted within the tes t  range of cone semiapex angles 
and Mach numbers. 

INTRODUCTION 

Utilization of unmanned instrumented probes to t raverse  planetary atmospheres is 
a natural evolution in our efforts to  gather information about the neighboring planets. 
Studies concerned with entry technology are presented in reference 1 and have provided 



information necessary fo r  formulating such a mission. Preliminary designs for an 
unmanned probe (ref. 2) favor an entry system consisting of an aeroshell  device to  pro
tect the payload and to  provide aerodynamic deceleration during atmospheric entry; the 
aeroshell  is to be separated f rom the payload at the initiation of the terminal descent 
system. The uncertainties associated with tenuous atmospheres, such as those of Mars  
and Venus, suggest a relatively simple aeroshell  configuration that minimizes the sensi
tivity to atmospheric composition. An aeroshell  configuration which meets these basic 
design requirements and which has  received much attention recently is the large-angle 
cone. 

Adequate knowledge of the aerodynamic character is t ics  and shock envelope for  the 
conical aeroshell  is a fundamental necessity in the design of the total entry system and 
provides inputs to studies of flight trajectory and entry dynamics, to estimations of total 
heat and aerodynamic loads, and to predictions of events associated with aeroshell  sepa
ration f rom the payload. The aerodynamic character is t ics  of conical bodies with semi-
apex angles up to 60° have been determined in the investigations of references 3 to 5. 
The study of reference 6 has  extended the range of cone semiapex angle up to 90' (flat 
disk), the resul ts  being obtained for  Mach numbers f rom 2.30 to 4.63. Since the large-
angle conical aeroshell  may be utilized a t  slower speeds, i t  is desirable to determine 
the aerodynamic character is t ics  and shock standoff distances fo r  cones with semiapex 
angles up to 90' a t  lower supersonic Mach numbers than are reported in reference 6. 

As shown in previous studies, increasing the semiapex angle of the conical aero
shell increases  drag, which provides aerodynamic braking, but decreases  the volume 
capacity for  carrying the payload. Since storage and protection of the payload a r e  essen
tial for  a successful mission, the use of an afterbody shroud with the conical aeroshell 
may be necessary. It is appropriate, therefore, to consider the effects of afterbody 
geometry on the aerodynamic characterist ics of large-angle cones. 

In an attempt to provide information concerning these problem areas ,  an investiga
tion has  been conducted on a series of cone bodies having semiapex angles ranging from 
40' to 90' (flat disk) a t  Mach numbers of 1.41 and 2.00. Cylindrical afterbody sections 
having lengths up to 1.25 t imes the cone diameter were tested with the same conical 
bodies at Mach numbers f rom 1.50 to 4.63. The angle-of-attack range for  these tes t s  
was -4' to 24O, and the Reynolds number based on model (base) diameter was 0.8 x 106. 

SYMBOLS 

The resul ts  of the tes t s  are presented in coefficient form fo r  both the body and sta
bility axis systems. Data re fer red  to the body axis system pertain to a ballistic type of 
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entry, whereas data re fer red  to the stability axis system pertain t o  a lifting type of entry. 
The pitching-moment reference center is at the cone base on the geometric center line of 
the cone as shown in figures 1 and 2. 
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f ree-s t ream Mach number 


free-stream dynamic pressure  


radius 


base area of model 


angle of attack, degrees  
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6 standoff distance of detached shock wave, measured along geometric center 
line of model 

E constant defined in equation (1) 

*C cone semiapex angle, degrees  

5 constant defined in equation (1) 

p1 density ahead of normal shock 

p2 density behind normal shock 

Subscripts: 

att condition for shock attachment 

b base 

n nose 

0 conditions at zero  angle of attack 

S shoulder 

APPARATUS AND TESTS 

Models 

Details of the cone models are presented in figure 1. The cone models consist of 
right-circular cones with semiapex angles of 40°, 50°, 60°, 70°, 80°, and 90° (flat disk); 
they were constructed of polished aluminum and had pointed noses and flat bases. Diame
ter for all the models was  4.80 inches (12.19 centimeters). These models, with the excep
tion of the 50' cone, were  utilized in the cone investigation of reference 6. The cylindri
cal afterbody sections mated to the cone models (fig. 2) were also constructed of polished 
aluminum. Each of the cylindrical sections had a flat base and a diameter to match that 
of the cone. Typical model installation of the cone and cone-cylinder configurations is 
shown in the photographs of figure 3. Sting length was four t imes  the model base diameter 
to  minimize the sting length effects noted in reference 6. 
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Tunnels 

Tests were conducted in the three test sections associated with the Langley 4- by 
4- foot supersonic pressure  tunnel and the Langley Unitary Plan wind tunnel. Both of 
these wind tunnels are continuous-flow systems having variable-pressure capability. The 
nozzle leading to  the test section of the 4- by 4-foot tunnel is sy.mmetrica1 and may be 
manually changed to provide Mach numbers f rom about 1.4 t o  2.2. The Unitary Plan wind 
tunnel has  two tes t  sections, both of which are 4 feet (1.22 meters)  square and approxi
mately 7 feet  (2.13 meters) long. The nozzles leading to  these test sections are of the 
asymmetric sliding-block type which permits  a continuous variation in Mach number from 
1.5 to  2.9 in the low Mach number tes t  section and from 2.3 to  4.7 in the high Mach num
ber  tes t  section. 

Test  Conditions and Measurements 

The cone models without cylindrical afterbody sections were tested at Mach numbers 
of 1.41 and 2.00 and with cylindrical afterbody sections at Mach numbers of 1.50, 2.00, 
2.30, 2.50, and 4.63. The angle-of-attack range for these t e s t s  was from about -4' to 24' 
at zero sideslip, and the Reynolds number based on model (base) diameter was  0.8 X 106. 
The cone-cylinder configurations tested during the course of this investigation a r e  shown 
schematically in figure 4.  Each configuration is identified by one or  more le t te rs  which 
correspond to  the tes t  conditions summarized in the following table: 

-___.- * .--

Mach 
number 

1.41 
2.00 

1.50 
2.00 
2.50

I 2.30 
4.63 
.. 

. - .  -~-

Dynamic pressure 

lb/ft2 

stagnation=/ 
-

O F  

Test  
condition 

m / m 2  - _~ 

20.493 
20.541 

. 

22.839 
22.647 
20.732 

. 

21.690 
11.108 

__ ~ _ .  

OK 

316.5 
316.5 

338.7 
338.7 
338.7 

338.7 
352.6 

-

993.0 
1200.0 

1112.0 
1325.0 
1689.0 

1532.0 
5275.0 

I 

47.545 
57.456 

53.243 
63.441 
80.869 

. 

73.353 
252.568 

428.0 
429.0 

477.0 
473.0 
433.0 

453.0 
232.0 

110.0 

110.0 

-

150.0 

150.0 

150.0 


- .  

150.0 

175.0 


._ 

Stagnation dewpoint w a s  maintained below -30' F (239' K) to  avoid significant condensa
tion effects in the t e s t  sections. 

Aerodynamic forces  and moments were  measured by means of an electrical  strain-
gage balance housed partially in the cone models. The aft end of the balance which 
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extended behind the base of the models was enclosed in  a sleeve so that it was  protected 
f rom any flow gradients. For the largest-angle cones (8" = 70°, 80°, and 90°) which had 
little or no model volume in  which to  attach the balance, a permanent extension was 
affixed to  the model base (fig. 1); this extension served as the attachment point and pro
tective sleeve for the balance. It is believed that this  extension had no significant effect 
on the data presented in  this paper. 

The axial-force values presented herein represent  the gross  measurements made 
by the strain-gage balance and are not corrected f o r  base pressure.  

Angles of attack have been corrected fo r  both tunnel-flow angularity and deflection 
of the balance and sting due to aerodynamic loads. 

Boundary-layer t r ips  were not affixed to the models. 

RESULTS AND DISCUSSION 

Cone 

~Aerodynamic....characterist ics.  - The variation of longitudinal aerodynamic character
is t ics  with angle of attack is presented in figures 5 and 6 fo r  the family of conical bodies. 
These data indicate that all the configurations are statically stable (-CmO), pitching-
moment coefficient being nearly l inear throughout the angle-of -attack range. Cones 
having semiapex angles equal to or  greater  than 60° have pitching-moment-curve slopes 
and magnitudes that are little different throughout the angle-of-attack range. This is 
illustrated in the summary plots of f igure 7 where pitching-moment-curve slope a t  CY = 00 
is shown as a function of cone semiapex angle for  the two test Mach numbers, As noted, 
a n  increase in  Mach number resul ts  in a slight decrease in stability for  all the cones. 
This  trend becomes more  meaningful when complemented by the higher Mach number 
resul ts  (M > 2.0) of reference 6, as shown in figure 8(a). These data indicate that a 
decrease in stability occurs with increase in Mach number for  Mach numbers less than 
that for  shock attachment, and an increase in stability with increase in  Mach number 
for  Mach numbers greater  than that f o r  shock attachment. (Matt = 1.95 and 3.11 for  
8, = 40° and 50°, respectively.) The curve representing the 60' cone is typical of the 
stability trends fo r  cones having la rger  semiapex angles for  which the shock wave is 
detached at all Mach numbers. 

The variation of normal-force coefficient with angle of attack fo r  the cone config
urations (figs. 5 and 6) is seen to be essentially linear. As cone semiapex angle is 
increased, there  is a corresponding decrease in normal-force coefficient such that for  
the flat disk (8. = 90') normal-force coefficient goes to  zero. Similar trends of normal
force-curve slope at zero  angle of attack CN

090 
with cone semiapex angle are seen in  

figure 7. Increasing Mach number f rom 1.41 to 2.00 results in increases  in C N ~ , ~fo r  
the 40° cone, normal-force-curve slope being essentially unchanged for  the other cone 
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configurations. This  trend of normal-force-curve slope with Mach number is shown in 
figure 8(b) in conjunction with the higher Mach number data of reference 6 (M > 2.0). The 
increase of CN with Mach number for  the 40' and 50° cones occurs at, or near, the 

% O  
~Mach number corresponding to  shock attachment. The respective values of C N for  ~ 

cones with semiapex angles equal to or greater  than 60' a r e  unchanged in the range of 
Mach numbers. 

The basic data of figures 5 and 6 indicate that maximum axial-force coefficient 
(and drag) generally occurs at angles of attack near zero for  the conical bodies. An 
increase in axial-force coefficient at intermediate angles of attack (compared with that 
at zero angle of attack) is noted fo r  the cones with the largest  semiapex angles. This 
increase in axial-force coefficient is accredited to the increase in base drag experienced 
by the cones at intermediate angles of attack, as demonstrated in figure 9 for an 80° cone 
configuration. Increasing cone semiapex angle (figs. 5 and 6) resul ts  in increases in 
axial-force coefficient throughout the angle-of -attack range, a maximum being obtained 
for  the flat disk (8. = 90') configuration. This trend is illustrated in the summary plots 
of figure 7 where axial-force coefficient at zero angle of attack is shown as a function of 
cone semiapex angle. Increasing Mach number f rom 1.41 to 2.00 causes an increase in 
C A , ~throughout the range of cone semiapex angles, except the 40° cone which showed 
little effect. This trend of axial-force coefficient with Mach number is shown in fig
ure  8(a) in conjunction with the higher Mach number trends presented in reference 6. 
These data imply that an increase in Mach number f o r  Mach numbers greater  than that 
for  shock attachment resul ts  in a decrease in C A , ~ .  

As seen from the basic data of figures 5 and 6, lift-curve slope is negative for  all 
the conical configurations. Increasing cone semiapex angle resul ts  in decreases in lift-
curve slope, a maximum negative value being obtained for the flat disk. (See fig. 7.) The 
effects of Mach number on lift-curve slope can be seen in figure 8(b) and a r e  reflections 
of the aforementioned effects of Mach number on normal-force-curve slope and axial 
force. 

Shock standoff distance.- Schlieren photographs of the cone models at zero angle_ _  .- ~ 

of attack a r e  presented in figure 10. Shock standoff distance obtained from these photo
graphs is plotted in figure 11 as a function of cone semiapex angle. These data show that 
an increase in cone semiapex angle resu l t s  in a regular increase in 6/rb, whereas an 
increase in Mach number f rom 1.41 to 2.00 resul ts  in decreases  in 6/Q. Similar trends 
of shock standoff distance with cone semiapex angle and Mach number were noted in the 
investigation of reference 6 for  Mach numbers f rom 2.30 to 4.63. 

In an attempt to  empirically describe shock standoff distance as a function of Mach 
number, the experimental data of this investigation, of reference 3, and of references 6 
to 9 a r e  plotted in figure 12  against the inverse square of the density ratio across  a 
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normal shock (p2/p1)-2 = k-2. Plotting the data in this fashion resu l t s  i n  a l inear varia
tion of 6/rb with k-2 fo r  all the cones; therefore, the shock standoff distance for  each 
cone appears to  be uniquely dependent on k-2. Expressing shock standoff distance in the 
equation fo r  a straight line gives 

6 = /3(k-2 - E) +- f
'b 

where ,6 represents  the rate of change of 6/rb with k-2, and 5 represents  the shock 
standoff distance at a given value of k-2 ( = E ) .  

The constants in equation (1) were evaluated a t  M = 4.63 f o r  each of the cones 
except for  the 40° and 50' cones; the constants fo r  these two cones were evaluated a t  the 
respective shock attachment Mach numbers, M = 1.95 and 3.11. 

These constants are listed as follows: 

P 
-

1.60 
2.15 
2.65 
2.95 
3.04 
3.04 

~. 

E f 
. . 

0.1488 0 
,0640 0 
.0423 .05 
.0423 .21 
.0423 .39 
.0423 .55 

Using these constants in equation (1) yields es t imates  of shock standoff distance which a r e  
in good agreement with the experimental data presented in  figure 12. In order  to obtain 
shock standoff distance as a function of Mach number, normal-shock relations for  a per
fect  gas are used in  equation (1) to obtain 

Curves generated by this expression are presented in figure 13 along with the experimen
tal data and are seen to adequately predict the magnitudes and t rends of shock standoff 
distance with Mach number for  all cone models. 

In order  to empirically describe shock standoff distance as a function of Mach num
ber  and cone semiapex angle, i t  is necessary to replace those constants in equation (2) 
which are functions of cone semiapex angle ( p  and f )  by expressions describing their 
relation with 8, ( p  = p(Oc) and f = $(ec)). The values of ,6 used in equation (2) are 
plotted in figure 14 against cone semiapex angle; the resulting variation of p with O c  
suggests a second- order  polynomial equation of the following type: 
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p = A sin20c + B sin 8, + C 

The conditions used to evaluate the constants in this equation are: 

At Bc = 60°, /3 = 2.65 

At 8, = 40°, p = 1.60 

Imposing these conditions on equation (3) yields 

p = -5.029 sin2ec + 12.292 sin 8, - 4.224 (4) 

The curve generated by this expression is seen in figure 14 to provide a good estimation 
of the variation of p with 8,. 

To obtain an expression relating the constant < (eq. (2)) to cone semiapex angle, 
it  should be recalled that < is simply the shock standoff distance fo r  a particular cone 
semiapex angle a t  a given Mach number. Since equation (2) has  shown the capability of 
predicting the magnitude of shock standoff distance for  all the cone semiapex angles of 
this investigation, this expression was used to calculate values of 6/rb associated with 
the conical bodies a t  M = 2.00. Plotting these values of 6/rb as a function of Bc 
(fig. 15) leads to the assumption of a l inear variation of 6/rb with e,, and the fol
lowing equation is obtained: 

e< = -6 
= 1.5485 2 - 0.69856 (5)'b 900 

where 

E = k-2 = 0.141 

The values of 6/rb obtained f rom equation (5) are in good agreement with those values 
obtained f rom equation (2). (See fig. 15.) It should be mentioned that equation (5) satis
fies the condition that at M = 2.00 shock attachment occurs  on a cone having a semiapex 
angle of 40.6'. 

Expressions have now been obtained describing the constants /3 and in equa
tion (2) as functions of cone semiapex angle. Substituting equations (4) and (5) into equa
tion (2) with E = 0.141 gives the following empirical  expression describing shock stand
off distance as a function of Mach number and cone semiapex angle 
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25 L=(-5.029 sin2dc + 12.292 s in  d c  - 4.224)(& M-2 + 36 M-4 - 0.11322)
'b 

e+ 1.5485 2- 0.69856
900 

Values of shock standoff distance generated by this  equation are plotted in figure 13 and 
show only slight deviations from those values predicted by equation (2). From equa
tion (6), shock standoff distance for  a particular cone semiapex angle becomes essentially 
a l inear function of 1/M2 as Mach number becomes large; this condition agrees  with the 
resu l t s  of reference 6 for  M 2 2.30. For M - 00, equation (6) reduces to 

e6 = 0.5694 sin2�Jc - 1.3917 sin �JC + 1.5485 2- 0.2203
'b 900 

Shock standoff distance for  the 60° to 90° cones at M = 00 are shown in figure 13 esti
mated by this expression and the method of reference 10. 

The resu l t s  of the preceding analysis raise the question as to whether shock stand
off distance for  any body with a detached shock wave is uniquely dependent on the inverse 

square of the density ra t io  ac ross  a normal shock. An indication 
of the answer to this question is provided by the data of refer
ences 11 and 12 which resulted f rom tests on a series of blunt 
bodies having various nose and shoulder radii. (See the sketch.) 

D 	 A plot of shock standoff distance against k-2 fo r  the family of 
blunt bodies having a n  infinite nose radius and finite values of 
shoulder radius (fig. 16) shows linear trends s imilar  to those 
previously noted for  the conical bodies (fig. 12). These resul ts  

substantiate the premise that shock standoff distance is a function of the inverse square 
of the .density ra t io  ac ross  a normal shock fo r  all blunt bodies. 

An empirical expression describing shock standoff distance as a function of Mach 
number and shoulder radius can be obtained in the same manner as was done previously 
f o r  Mach number and cone semiapex angle. The resulting equation is 

256= p(& M-2 + -M-4 - - 0.780 
r + 0.550 (7)'b 36 

and p,  the ra te  of change of 6/rb with k-2, is presented in figure 17 as a function of 
shoulder radius. The l inear nature of shock standoff distance with shoulder radius at 
M = 4.63 is used in  equation (2) to yield equation (7). This  empirical  approach predicts 
values of shock standoff distance 6/rb that are in  good agreement with the experimental 
resu l t s  fo r  the range of Mach number and shoulder radius considered. (See fig. 18.) It 
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should be noted that the 6/rb values predicted by equation (7) for the flat disk (rs/D = 0) 
are the same as those values predicted by equation (6)fo r  ec = goo. 

Aerodynamic Characterist ics of Cone Cylinder 

Schlieren photographs are presented in  figures 19 and 20 for  selected cone-cylinder 
models at several  angles of attack. The longitudinal aerodynamic characterist ics of the 
cone-cylinder configurations tested during the course of this investigation are presented 
in figures 21 to 37;data for  conical models with semiapex angles f rom 60' to 90' (ref. 6) 
are presented at M = 2.30 and 4.63 fo r  comparison. These data indicate that the cones 
with no cylindrical afterbody (Z/D = 0) are statically stable (-Cma) at all test Mach num
bers ;  addition of cylindrical afterbody sections to the cone bodies resu l t s  in a progressive 
increase in stability. This trend of stability with cylinder length is demonstrated in fig
ure  38 where pitching-moment-curve slope at zero  angle of attack is shown as a function 
of cylinder length for  all tes t  Mach numbers. The 40' cone configuration has the mini
mum level of stability throughout the range of cylinder lengths. The stability of the 
largest  angle cone-cylinder configurations is affected by a separated flow region at the 
shoulder of the cone-cylinder body. (See schlieren photographs of figs. 19 and 20.) The 
resul t  of this separated flow region is evidenced as a decreasing effectiveness of the cyl
inder to produce pitching moment (Cmc%o at Z/D = 0.50 minus Cmqo at Z/D = 0) 
with increasing cone semiapex angle, particularly at the lower test Mach numbers. These 
trends are substantiated by the schlieren photographs which show the intensification of the 
separated flow region with increase in semiapex angle and decrease in Mach number. The 
effectiveness of the cylindrical afterbody to produce increases  in stability is seen in the 
summary plots of figure 39 to decrease with increase in Mach number. 

Addition of cylindrical afterbody sections to the conical bodies (figs. 21 to 35) pro
duces increases  in normal-force coefficient throughout the angle-of-attack range. This 
is reflected in increases  in normal-force-curve slope at zero  angle of attack as seen in 
the summary plots of figure 40. The 40° cone-cylinder configuration has  the largest  val
ues of normal-force-curve slope throughout the range of cylinder lengths. Increasing 
cone semiapex angle for  the configurations with Z/D = 0.50 has  effects on CN sim

% O  
ilar to those fo r  the cone bodies with no cylinder length (Z/D = 0) as discussed previously. 
At M = 2.00 and 2.30, the effect of cone semiapex angle on CN(40 is greatly reduced 
for  cylinder lengths greater  than Z/D = 0.50; at M = 4.63, the effect of 8, on CN 

a90 
is generally independent of cylinder length. The aforementioned separated flow region is 
noted to have an  effect on the normal-force-producing capability of the cylinder, partic
ularly at M = 2.00 and 2.30; this is evidenced as a decreasing effectiveness of the cylin

atder to produce normal force ( C N ~ ~  Z/D = 0.50 minus CN 
(40 

at Z/D = 0) with 
increasing cone semiapex angle. This  trend diminishes with Mach number increase 

~ ~resulting in a constant increase in C N with increase in Z/D at M = 4.63 for  all 
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the cone semiapex angles. The effect of Mach number on CN is presented in  fig-
~ ~u r e  41 and shows that the increase in C N associated with increase in cylinder length 

is reduced with increase in  Mach number f o r  most of the cone semiapex angles. 

Addition of cylindrical afterbody sections resu l t s  in only small  reductions in axial-
force coefficient throughout the angle-of-attack range. (See figs. 21 to 35.) These reduc- . 
tions are not more than 4 percent fo r  all combinations of cone semiapex angles and cylin
der lengths and are less than 3 percent fo r  most  combinations. Effects on drag coefficient 
of increasing the cylinder length are s imilar  to those noted on axial-force coefficient for  
angles of attack near  zero. At the highest angles of attack, increasing cylinder length 
leads to  increases  in drag  coefficient; this increase is a resul t  of the large increases  in 
normal-force coefficient associated with increased cylinder length. The effects on cone 
semiapex angle and cylinder length on axial-force coefficient (and drag) at zero angle of 
attack are shown in the summary plots of figure 42. Since the cone-cylinder configura
tions have C A , ~values that are little different f rom those of the cones with no cylinder, 
the t rends of C A , ~with Mach number are s imilar  to the trends in figure 8(a) for  the 
cones. 

The basic data of figures 21 to  35 show that addition of cylindrical afterbody sec
tions resul ts  in increases  in lift coefficient throughout the angle-of -attack range. The 
resulting increase in lift-curve slope at zero angle of attack with increase in cylinder 
length is shown in figure 43. The effects on C L ~ , ~of increasing cone semiapex angle 
and/or cylinder length are s imilar  to those previously discussed for  C N ~ ~ .The effect 
of Mach number on lift-curve slope is presented in figure 44 and shows that the effective
ness  of the cylindrical afterbody sections to produce lift is greatest  at the lowest test 
Mac.h number. 

CONCLUSIONS 

A study has  been conducted to determine the supersonic longitudinal aerodynamic 
characterist ics and shock standoff distances of a series of conical bodies with and without 
cylindrical afterbody sections. Cone semiapex angles ranged f rom 40° to 90° (disk) and 
the cylindrical afterbody sections ranged in length up to 1.25 t imes  the cone diameter. 
Results of this study led to the following conclusions: 

1. All the cone configurations were  statically stable with the moment center located 
at the cone base. Addition of cylindrical afterbody sections resulted in increases  in sta
bility throughout the Mach number range. 

2. Axial force increased as cone semiapex angle was  increased, a maximum being 
obtained fo r  the flat disk. Throughout the angle-of-attack range, addition of cylindrical 
afterbody sections resul ts  in reductions in  axial force that were not more than 4 percent 
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for  all combinations of cone semiapex angles and cylinder lengths and were l e s s  than 
3 percent for  most combinations. 

3. Normal force and lift decreased as cone semiapex angle was increased, minimum 
values being obtained for the flat disk; an increase in these forces  resulted with the addi
tion of cylindrical afterbody sections. 

4. Shock standoff distance fo r  any body with a detached shock wave appeared to be 
uniquely dependent on the inverse square of the density ratio across  a normal shock. 
This dependence allowed shock standoff distance for  the conical bodies to  be adequately 
predicted within the tes t  range of cone semiapex angles and Mach numbers. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., April 21, 1969, 
124-07-03 -12- 23. 
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Figure 1.- Details of cone models. Dimensions are presented as fractions of base diameter D which is  4.80 in. (12.19 cm). 
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Figure 2.- Details of cyl indrical afterbody sections. Dimensions are presented as fractions of base diameter D which is 4.80 in. (12.19 cm). 

16 



8’ 
r 

Figure 3.- Typical cone and cone-cylinder models installed in the test section. L-69-W2 
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Figure 4.- Test configurations. Letters correspond to test conditions i n  table on page 5. 
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(a) Body axis. 

Figure 5.- Variation of longitudinal characteristics wi th  angle of attack for family of cone models. Z / D  = 0; M = 1.41. 
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Figure 5.- Continued. 
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(b) Stability axis. 

Figure 5.- Continued. 
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Figure 5.- Concluded. 
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Figure 6.- Variation of longitudinal characteristics wi th  angle of attack for  family of cone models. Z/D = 0; M = 2.00. 
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Figure 6.- Continued. 
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Figure 6.- Concluded. 
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Figure 7.- Variation of aerodynamic parameters at zero angle of attack with cone semiapex angle. Z/D = 0. 
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Figure 8.- Variation of aerodynamic parameters at zero angle of attack with Mach number. Z/D = 0; data for M > 2.0 from reference 6; ticked symbols from reference 4. 
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Figure 9.- Variation of base axial-force coefficient wi th  angle of attack for  the 80' cone. Z / D  = 0. 
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Figure 10.- Schlieren photographs of cone models at zero angle of attack. 

31 




8, 60° e, = 70° 

(b) M = 2.00. L-69-1364 

Figure 10.- Concluded. 
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Figure 12.- Variation of nondimensionalized shock standoff distance with inverse square of density ratio across normal shock 
for family of conical bodies. Ticked symbols from reference 3. 
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Figure 13.- Variation of nondimensionalized shock standoff distance with Mach number for family of conical bodies. Ticked symbols from reference 3. 
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Figure 15.- Correlation of nondimensionalized shock standoff distance as a function of cone semiapex angle. M = 2.00. 
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Figure 16.- Variation of nondimensionalized shock standoff distance with inverse square of density ratio across normal shock for family of 
b lunt  bodies having various shoulder radii. rn/D = m 



i i i i
LI I I1x1 I

I 1 \ 1 I
I IW 
I
/ 

I
I

I
l

I
l 

0 Measured v a l u  
-

/ I l l 
I
/ 

I
I

I
l

I
l 


I I
01 I 02 I 
S P  

Figure 17.- Effect of shoulder radius on !3, the  rate of change of b/rb with k-'. 

39 




l-11.2 

.8p  

b/rb 

.6

r sP 
0 .o 
0.1 


0.2 

0.3 

0.4 

Experiment 

o Ref. 11 
0' Ref. 12  
0 Ref:6 

Theory 

Eq. ( 7 )  

\ 


.4
0.5 

.2

0, 1 I 1 1 1 1 1 1 1 1 1 1 
1.4 1.8 2.2 2.6 3.0 3.4 3.8 4.2 4.6 5.0 5.4 5.8 6.2 

M 

Figure 18.- Variation of nondimensionalized shock standoff distance with Mach number for family of b lunt  bodies having various shoulder 
radii. rn/D = a. 



\ 

a 0" a 12.1" 

zp 0.0 

a = - 0 . 2 ~  a 8.aV 

L / o  z 0.5 

a = -0.2" a = 8.6" 

zp 1.0 

(a) 8, = 400. L-69- 1365 

Figure 19.- Schlieren photographs of selected cone-cylinder models at several angles of attack and M = 2.00. 
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Figure 19.- Continued. 
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Figure 19.- Continued. 
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Figure 19.- Continued. 
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Figure 20.- Schlieren photographs of selected cone-cylinder models at several angles of attack and M = 4.63. 
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Figure 20.- Continued. 
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Figure 20.- Continued. 
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Figure 20.- Continued. 
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Figure 20.- Concluded. 
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(a) Body axis. 

Figure 21.- Effect of cylinder length on  longitudinal aerodynamic characteristics of 40' semiapex angle cone at M = 2.00. 

51 




0 0.00 
0 0.50 
0 1.00 

24 28 32 
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Figure 21.- Concluded. 
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Figure 22.- Effect of cylinder length on longitudinal aerodynamic characteristics of 40° semiapex angle cone at  M = 2.30. 
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Figure 22.- Concluded. 
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Figure 23.- Effect of cylinder length o n  longitudinal aerodynamic characteristics of 40° semiapex angle cone at M = 4.63. 
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Figure 23.- Concluded. 
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(a) Body axis. 

Figure 24.- Effect of cylinder length on longitudinal aerodynamic characteristics of 50' semiapex angle cone at M = 2.00. 
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Figure 24.- Concluded. 
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Figure 25.- Effect of cylinder length on  longitudinal aerodynamic characteristics of SO0 semiapex angle cone at M = 2.30. 
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Figure 25.- Concluded. 
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(a) Body axis. 

Figure 26.- Effect of cylinder length on longitudinal aerodynamic characteristics of 50' semiapex angle cone at M = 4.63. 
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Figure 26.- Concluded. 
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(a) Body axis. 

Figure 27.- Effect of cylinder length on longitudinal aerodynamic characteristics of 60° semiapex angle cone at  M = 2.00. 

63 



11111I 1III111111I111111111111111111111111 1 1 1 1 1 1 1 1 1 . ~  


P 


16 20 24 


(b) Stability axis. 

Figure 27.- Concluded. 
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(a) Body axis. 

Figure 28.- Effect of cylinder length on longitudinal aerodynamic characteristics of 60' semiapex angle cone at  M = 2.30. 
Data for Z/D = 0 from reference 6. 
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Figure 28.- Concluded. 
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(a) Body axis. 

Figure 29.- Effect of cylinder length on longitudinal aerodynamic characteristics of 6oo semiapex angle cone at M = 4.63. 
Data for Z/D = 0 from reference 6. 

67 


I - 




.6 


.4 

CD 


.2 

.o 

a, deg 
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Figure 29.- Concluded. 
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(a) Body axis. 

Figure 30.- Effect of cylinder length on longitudinal aerodynamic characteristics of 70° semiapex angle cone at M = 2.00. 
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Figure 30.- Concluded. 
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(a) Body axis. 

Figure 31.- Effect of cylinder length on longitudinal aerodynamic characteristics of 70' semiapex angle cone at  M = 2.30. 
Data for Z/D = 0 from reference 6. 
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(b) Stability axis. 

Figure 31.- Concluded. 
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(a) Body axis. 

Figure 32.- Effect of cylinder length on  longitudinal aerodynamic characteristics of 70' semiapex angle cone at M = 4.63. 
Data for Z/D = 0 from reference 6. 
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Figure 32.- Concluded. 
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Figure 33.- Effect of cylinder length on longitudinal aerodynamic characteristics of 90° semiapex angle cone at M = 2.00. 
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Figure 33.- Concluded. 
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(a) Body axis. 

Figure 34.- Effect of cylinder length o n  longitudinal aerodynamic characteristics of 90° semiapex angle cone at  M = 2.30. 
Data for  Z / D  = 0 from reference 6. 
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(b) Stability axis. 

Figure 34.- Concluded. 
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(a) Body axis. 

Figure 35.- Effect of cylinder length on  longitudinal aerodynamic characteristics of 90' semiapex angle cone at M = 4.63. 
Data for Z/D = 0 from reference 6. 
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Figure 35.- Concluded. 
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Figure 36.- Variation of longitudinal aerodynamic characteristics wi th  angle of attack for cone-cylinder configurations wi th  several semiapex 
angles and Z/D = 1.25 for M = 1.50. 
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Figure 36.- Concluded. 
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Figure 37.- Variation of longitudinal aerodynamic characteristics w i th  angle of attack for  cone-cylinder configurations wi th several semiapex 
angles and Z/D = 1.25 for M = 2.50. 
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Figure 37.- Concluded. 
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Figure 38.- Variation of pitching-moment-curve slope at zero angle of attack with nondimensionalized cylinder length for family of cone-cylinder models. 
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Figure 39.- Variation of pitching-moment-curve slope at zero angle of attack with Mach number for family of cone-cylinder models. 
Ticked symbols from reference 6. 
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Figure 39.- Continued. 
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Figure 39.- Concluded. 
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of normal-force-curve slope at zero angle of attack with nondimensionalized cylinder length for 
family of cone-cylinder models. 

90 




I 

.04 

'Na,o .02 


0 

.02 

'Na, o 

0 

.04 

.02 

%, 0 0 


-.02 

-.O+ 
1.0 

v I I 
0 0 . o o K  
0 0.50 
A 0 . 7 5 1  
0 1.00 
D 1.25/ 

zk&E 

;;B
I 

3.4 4.2 5.0 5.8 6.4 

M 

Figure 41.- Variation of normal-force-curve slope at zero angle of attack wi th  Mach number for  family of cone-cylinder models. 
Ticked symbols from reference 6. 
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Figure 41.- Concluded. 
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Figure 42.- Variat ion of axial-force coefficient at zero angle of attack wi th  nondimensionalized cylinder length for  
family of cone-cylinder models. 
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Figure 43.- Variation of l i f t -curve slope at zero angle of attack with nondimensionalized cylinder length for  
family of cone-cylinder models. 
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Figure 44.- Variation of lift-curve slope at zero angle of attack with Mach number for family of cone-cylinder models. 
Ticked symbols from reference 6. 
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in scope but nevertheless of importance as a 
contribution to existing knowledge. 

TECHNICAL MEMORANDUMS: 
Information receiving limited distribution 
because of prelirninary data, security classifica
tion, or other reasons. 

CONTRACTOR REPORTS: Scientific and 
technical information generated under a NASA 
contract or grant and considered an important 
contribution to existing knowledge. 

TECHNICAL TRANSLATIONS: Information 
published in a foreign language considered 
to merit NASA distribution in English. 

SPECIAL PUBLICATIONS: Information 
derived from or of value to NASA activities. 
Publications include conference proceedings, 
monographs, data compilations, handbooks, 
sourcebooks, and special bibliographies. 

TECHNOLOGY UTILIZATION 
PUBLICATIONS: Information on technology 
used by NASA that may be of particular 
interest in comrnercial and other non-aerospace 
applicationr. Publications include Tech Briefs, 
Ttchnology Utilization Reports and Notes, 
and Technology Surveys. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

Washington, D.C. 20546 


